Organic farming has experienced a vast increase within the EU. Especially in Greece, the rapid growth of the organic sector, since the early '90s, was accompanied by the introduction of various organic crops. Among them, organic fruit crops have been gradually introduced, as farmers have realised the promising growth of the demand for organic fruits. However, organic farmers face significant yield and price risks, which combined with the high initial establishment costs, provoke difficult investment decisions. Rational farmers are willing to adopt organic farming only if the economic outcomes outweigh the associated increased risk and uncertainty. This study employs stochastic efficiency analysis to compare the economic outcomes of organic and conventional cherry production in Northern Greece. It, thus, explores whether the expansion of organic cherry production generates satisfactory economic results for farmers and whether it can be regarded as a promising alternative to conventional production activity. Results reveal that the current Greek policy scheme may endanger investments in organic cherry farming. Further assessment of the impact of varying organic subsidy and discount rate levels on the net present value underlines the detrimental effects of the financial crisis. An enhanced policy framework is required to enable and support climate-smart agriculture.
Introduction
Organic farming has vastly increased in European countries during recent decades. The robust demand for quality products, the development of the market and supportive institutional frameworks are the driving forces for smart, sustainable European agriculture [1] . This trend is expected to continue, as the growth in demand for organic products steadily outpaces the corresponding supply even during the current financial recession [2] . European organic farmland reached 7.6 million hectares (ha) in 2008, which corresponds to 4.1% of the total utilized agricultural area (UAA) and accounts for almost 190,000 active holdings in the sector. In Greece, the organic sector has experienced even more rapid growth, as organically cultivated area increased from 591 ha in 1993 to 309,822 ha in 2010 (8.2% of the UAA) [3] . The structure of the 24,000 organic holdings primarily consists of arable crops (27.4%), permanent crops (21.5%) and permanent pasture (49.0%) [3] . This portfolio depicts a significant change in the make-up of organic production since its early phase in the 1990s, when permanent crops were the main organic production category and organic olive trees (62.1%), vineyards (11.1%) and citrus fruits (7.5%) were dominant. Today, the diversification of organic crops has been increasing as crops with superior market prospects such as cereals (11.4%), forages (9.6%), and vegetables and fruits (1.3%) have gradually been introduced.
Recent data confirm that fruits and vegetables are the most important category of organic products that consumers purchase [1] [2] [4] . The growing demand for organic fruits creates new opportunities for Greek farmers who have opted for the production of organic cherries. Greek cherry producers have recently followed an exportoriented policy to reach new markets and have gradually managed to build their commercial links and strengthen their presence in European markets. This strategy is the outcome of a carefully designed and systematically implemented approach in the areas of standardisation, promotion and post-harvest physiology. These solutions were offered to producers who had adopted innovative farm practices, modernised their farms, and introduced new cherry varieties [5] . The interest of Greek farmers in organic cherry production appears to be equally as strong as interest in conventional production despite the increased risk and uncertainty involved.
Today, organic cherry production in Greece is limited and covers only 138 ha. The total area for cherry cultivation is 9700 ha, accounting for the production of approximately 42,000 tonnes of cherries in the last decade. The main cherry-producing areas are in Northern Greece and, more specifically, in the region of Central Macedonia, where 77.9% of cherry orchards and 64.2% of total cherry production are located. In the last decade, the number of trees has shown an upward trend. The average production increased by 23% from 37,122 tonnes [6] . An upward trend in the farm-gate price of cherries was the main driving factor behind the modernisation and restructuring of the sector. Consumers' perceptions of the health-promoting properties of cherries (due to their high antioxidant activity) [7] and the high convenience level of cherries [8] create favourable conditions for the further development of the sector. Farmers have recently introduced new varieties that satisfy consumer preferences and simultaneously expand the production period. These new varieties cover observed gaps during the picking period and produce higher-quality products with increased export potential. Moreover, agricultural cooperatives and producer organisations have applied advanced technological systems for post-harvest treatments that prevent quality loss, expand the timing of supply and ultimately maximise returns.
This study explores whether the expansion of organic cherry production generates satisfactory economic results for farmers and whether it can thus be regarded as a promising alternative productive activity. Cherry farmers face significant yield and price risks, which, combined with the high initial cost of orchard establishment, provoke difficult investment decisions. This study applies the stochastic efficiency with respect to a function (SERF), introduced by Hardaker et al. [9] , to account for the risk and uncertainty of such investments. Therefore, the evaluation of the farmers' option of turning to organic cultivation, under risk and uncertainty, reveals the real dimensions of such an attempt and allows for policy suggestions that could facilitate farmers' decisions.
In addition, this study explores the consequences of the exclusion of the fruit sector from the Greek organic policy scheme on the economic outcomes of organic cherry producers. We thus perform a sensitivity analysis to investigate the economic outcomes of organic cherry production under various levels of subsidies. To explore the consequences of the financial crisis on the risky investment decisions, we also perform a sensitivity analysis on changes in the net present value caused by increases in the discount rate level.
The remainder of the paper is organised as follows: The next two sections describe the applied methodology and data sources that are used in the study. The empirical application of SERF analysis is then illustrated and discussed. Finally, the paper concludes with a summary of the main findings, a discussion regarding the investment strategies of Greek organic cherry farmers and critical suggestions for agricultural policy planners.
Methodology
Analysing cherry farmers' decision making entails understanding how they rank activities with uncertain outcomes, given the stochastic yield of cherry orchards and the stochastic market price of cherries. The economic evaluation of organic and conventional cherry production is implemented considering the whole range of net present values (NPVs) and their associated probabilities, along with the relative preferences (utilities) of the decision makers. To assess and compare the economics and the risk efficiency of conventional and organic cherry production, this study employs stochastic simulation as an unconventional method that incorporates risk [10] . Stochastic dominance and stochastic efficiency with respect to a function (SDRF and SERF) analyses have a major advantage in that they reduce the set of all possible risky choices to a small group of alternatives. The SERF technique is a novel improved methodology for assessing and ranking risky alternatives but empirical studies using SERF are limited, Especially in agriculture, SDRF and SERF analyses have been used to compare risky alternatives regarding farm production, marketing and financial matters [11] . In Greece, SERF analysis has been used by Tzouramani et al. [12] to determine risk efficiency between organic and conventional lemons and citrus cultivation and by Tzouramani et al. [13] , to explore the economic viability of conventional and organic sheep farming.
Let us assume that a farmer has to decide whether to invest in organic ( o f ) or in conventional ( c g ) cherry production, with his cumulative distribution function of NPVs given by 
≥ ∀ ∈ℜ , with strict inequality for some x ∈ℜ [14] . This means that farm operators prefer more NPV to less. The decision maker will select the action associated with a cumulative density function that always lies to the right, provided that distributions do not intersect.
If we consider investors to be risk averse, a selection between distributions could be made using the second-order stochastic dominance criterion (SSD). The SSD assumes that the decision maker prefers more income to less and does not prefer risk. Formally, organic cherry production dominates conventional production, in the SSD sense, if
, with strict inequality for some x ∈ℜ [15] . In other words, the SSD criterion requires that the area under the cumulative density function for organic farming always be smaller than the area under the cumulative density function for conventional farming. However, empirical studies often conclude that the SSD is not discriminating enough to yield useful results [10] . To rank risky scenarios for conventional and organic cherry production, we apply the stochastic efficiency with respect to a function (SERF) analysis. SERF analysis allows for the comparison of risky alternatives and gives a graphical representation of results with different risk preferences in a transparent way [10] . All scenarios were analyzed across a wide spectrum of risk preferences, ranging from risk neutral to extremely risk averse decision makers (using relative risk aversion coefficients from 0 to 4). A power utility function was assumed, as the risky distributions change over a multiple-year planning horizon [9] .
SERF computes the certainty equivalent (CE) over a range of relative risk aversion coefficients. The CE is equal to the amount of payoff a farmer would require to be indifferent between that payoff and a risky investment. In this case, the organic (F) and conventional (G) farming systems can be compared and ranked at each relative risk aversion coefficient (RRAC i ), and
. The CEs are readily interpreted because, unlike utility values, they are expressed in monetary terms. For a risk-averse decision maker, the estimated CE is typically less than the expected money value. The difference between the expected money value and the CE is the risk premium [9] [16], which reflects the minimum amount that would have to be paid to a decision maker to justify a switch from conventional to organic production.
A stochastic simulation model was built to estimate the NPV of conventional and organic cherry production. The stochastic model was based on deterministic enterprise budgets per hectare for each activity. The stochastic variables were then introduced to the model to take into account the uncertainty of cherry prices and yields. The simulation model is presented below:
where NPV: Net present value of organic or conventional cherry production in year i In the next section, we describe in detail the estimation of each parameter of the simulation model. It is also important to mention that the single farm payment and the compensation payment for mountainous and less favoured areas have not been taken into account, as these subsidies are not linked to a certain production activity. On the other hand, the subsidies for organic cherry production under the previous policy scheme are incorporated into the model, as the level of payment per hectare can be estimated. It should be mentioned that while the former policy scheme supported cherry producers with 900 €/ha, the current policy scheme does not provide any such subsidy. To assess the impact of this policy scheme, we also run a sensitivity analysis on the NPVs obtained by three different levels of organic subsidy. Specifically, we examine subsidy levels equal to a) 450 €/ha (50% reduction), b) 300 €/ha (66.7% reduction) and c) 150 €/ha (83.3% reduction).
Data
Two investment options, organic and conventional cherry production, were evaluated. This evaluation requires data on the establishment cost, operating production costs and costs of capital, as well as information regarding the returns of each option. Data used in this analysis were obtained from face-to-face interviews with 50 cherry producers located in the most important and traditional cherry-producing Greek prefectures, Pella and Imathia. Thirty-five of the interviewees are conventional cherry producers who were randomly selected, whereas the remaining 15 producers constitute the entire population of organic producers in the area when the field survey was conducted (2007) (2008) . This research was funded by the European Tobacco Fund (Measure 9, Reg (EU) 2182/02) under the research project "Search for Innovative Occupations of Tobacco Producers in the Rural Sector, in Greece".
Establishment Cost
Cherries are a perennial crop with a significant establishment (sunk) cost. This cost includes the cherry seedlings, the soil preparation, the labour and land remuneration, the irrigation system and the interest rates for the pre-productive period. For the proper estimation of the above costs, the collected information was combined with expert suggestions and advice of local agriculturalists. Cherry trees require approximately five years to yield an initial commercial harvest. The value of an orchard at the end of the fifth year reflects the total invested capital. According to Table 1 , this value is 13,390 €/ha for conventional production and 10,495 €/ha for organic production. An organic orchard's value is about 25% lower than the value of a conventional one due to the lower organic production costs. The productive life of a cherry orchard ranges from 25 to 50 years depending on the cultivated variety [17] [18] . In this analysis, given the cultivation practices in the area under study and expert advice, we assume a productive life of 25 years.
Cost of Production
The annual production costs for both organic and conventional cherry production were calculated in accordance with their deterministic enterprise budgets ( Table 2 ). The production cost for conventional cherries is 25.25% higher than for organic cherries, indicating a more intensive production system. The most important element of the conventional cherry production cost is the labour cost (49.19%), which is 71.42% greater than that of organic production, as conventional production demands more labour (due to higher yields) during the harvesting season, more field operations (such as pesticide and fertilizer applications) and more intensive pruning and irrigation. Capital cost is also an important element of total cost in both activities. The purchasing cost of fertilizers and pesticides constitutes almost half of the capital cost. In the case of conventional production, this is due to the large quantity of inputs used, whereas in the case of organic production, this is due to the high price of certified organic pesticides and herbicides. 
Yield Data
Cherry farmers encounter two outstanding sources of yield risk. First, they face multi-year risk exposure, as the cherry crop is perennial, and yield can be expressed as a function of the age of the trees [17] [19] . Mithöfer and Wesseler [20] suggest that the relationship between the age of trees ( g ) and yield ( u ) can be described by a Hoerl function:
a kg u wg e = . We estimated this function using data from the survey, expert opinions regarding cherry production and the ordinary least squares method for the corresponding coefficients w , a and k . The estimated function is equal to ( )
ln 2.4 2.4*ln 0.146* , with R 0.693 and Adjusted R 0.646 u g g = + − = = . Second, cherry farmers must embed in their estimates the annual variation of yield due to weather conditions [21] . The frequency of frosts is a critical factor that a farmer must seriously consider. Thus, the estimated yield from the Hoerl function was multiplied by a discrete empirical distribution to take into account the uncertainty of cherry yields [22] . This distribution was constructed using the percentage of the damage and the probability that this damage would occur. According to our survey, in 2007, the average yield reached 70% of the expected yields, as the damage was approximately 30%. This yield was observed once in 6 In the case of the organic cherry yields, the estimation of the Hoerl function was not possible due to limited observations. However, our survey reveals that organic cherry yield is approximately 40% lower than conventional yield. Consequently, to extract the Hoerl function for organic cherry production, we subtract 40% of the conventional yields at each observation. Finally, unlike insurance compensation, the return of the value-added tax was incorporated into the gross revenue in both cases.
Price Data
To construct the price distribution for conventional cherries, we used the available data from the Hellenic Ministry of Rural Development and Food. These data include the annual average producer prices for the 1995-2006 period in current prices, which were converted to steady prices according to the agricultural output price indices of Eurostat (base year: 2006). After removing time trend effects, we found that the data follow the normal distribution with a mean value equal to 1.72 €/kg and a standard deviation equal to 0.2 (CV = 11.63%). As each element of the data reflects the average producer price for each year, using the above standard deviation for the price distribution that an individual producer faces would obviously lead to underestimation of the dispersion. The price data collected from the interviews support the above argument, as the coefficient of variation is much greater (CV = 24.39%). To correct the underestimated value of the standard deviation, we applied a normal distribution with a mean value equal to 1.72 €/kg and a standard deviation equal to 0.3 (equalling a 50% increase). Individuals with organic cherry expertise were asked to determine the mean value and the standard deviation of the price of organic cherries in their region. Their replies correspond to a truncated normal distribution with a mean value equal to 2.38 €/kg, a standard deviation equal to 0.7, and a minimum price equal to 0.4 €/kg.
Results
Stochastic dominance analysis is applied to investigate the interest of farmers in the expansion of the cherry sector. Investment in either organic or conventional agriculture should improve both economic and environmental performance. Given the current economic crisis and the limited availability of agricultural funding, economic performance is crucial for Greek farmers, and improved competitiveness should be their core aim. Diversification into higher-value crops would be an option for a large number of small and medium farmers if they could manage the technical, financial and marketing requirements of the new cultivation. In this study, a stochastic efficiency with respect to a function analysis is applied to evaluate two investment options: an organic cherry orchard, and a conventional one. Furthermore, a sensitivity analysis is employed to examine the economic effect of the organic subsidy level.
The stochastic model estimates the probability of each NPV outcome occurring, providing an NPV range, with minimum, maximum and mean values. Simulated distributions of expected net returns were developed in a Simetar environment [22] . Simetar simulates a probability distribution of NPV based on the distributions of yield and price. A Monte Carlo simulation was used to determine the mean and variance of the NPV for conventional and organic cherry production (using 500 Monte Carlo iterations).
The cumulative distribution functions (CDFs) were constructed to demonstrate that the probability of a NPV (on the Y-axis) for each activity was less than a particular CDF level (on the X-axis). Although CDFs provide useful information on the profitability of the compared activities, the preferred activity for a certain decision maker depends also on his/her risk aversion. To determine the preferred alternative, stochastic dominance and SERF analyses were applied.
A crucial element in the formation of NPV is the level of organic subsidy. Under the previous Greek policy scheme, organic cherry farmers benefited from a 900 €/ha subsidy. However, after 2007, this subsidy was abolished. To investigate its importance, we applied a sensitivity analysis using various portions of the level of subsidy provided under the previous policy scheme.
The results of the simulation of the NPV for conventional cherry production show a 0.83% probability of a negative NPV ( Table 3) . The mean value is 15,266 €/ha, while the minimum and maximum NPV are −5334 €/ha and 34,709 €/ha respectively. The minimum values for organic farming with any subsidy level are greater, while the probability of a negative NPV varied from 0% with the 900 €/ha and 450 €/ha subsidy levels to 1.65% with the 150 €/ha subsidy level. On the other hand, the results from the simulation of NPV for organic cherry production without subsidy are not encouraging. The mean and the maximum values are much lower than those of conventional production (12,764 €/ha and 29,069 €/ha respectively), while the probability of negative NPV is much higher (3.51%). Thus, the minimum value along with the relative risk are greater in organic than in conventional cherry farming (see Figure 1) . Table 3 . Descriptive statistics and probability of a negative NPV for conventional and organic cherry production (€/ha). Under the previous organic payment scheme (900 €/ha subsidy level), organic cherry production yields higher economic results than conventional farming and bears zero probabilities of negative NPV. This is also the case under the 450 €/ha subsidy level scenario. The higher ranking of organic production is, however, not that obvious at lower levels of subsidy. Under the 150 €/ha level of subsidy scenario, the mean and the maximum values are lower than those of conventional farming, while the probability of negative NPV is higher (1.64%).
Organic Production Conventional Production
As Figure 2 indicates, the CDF of the conventional farming alternative crosses with the CDFs of organic farming alternatives under the 450 €/ha level of subsidy. To determine the preferred alternative, a stochastic dominance analysis was applied. According to the results, the organic farming alternatives with 900, 450 and 300 €/ha levels of subsidy dominate the conventional cherry farming alternative in both lower and higher RACs (by level of preference). On the other hand, the ranking of conventional cherry production and organic cherry production with 150 €/ha and zero subsidy levels is different in the two RACs. Specifically, these two organic cherry production alternatives are higher in the higher RAC but lower in the lower RAC. This means that the organic alternatives are more risky, and they are preferred by risky investors.
As the stochastic dominance analysis provides answers only for the lower and upper RAC, a SERF analysis was applied to determine the preferred activity for all levels of risk aversion. SERF analysis reveals that organic cherry production with a subsidy level below 150 €/ha possesses a lower ranking than conventional production. However, the difference is very small in the case of the 150 €/ha level of subsidy (Figure 2) . Table 4 provides the NPV development for the particular investment options, organic or conventional cherry production, with reference to changing discount rates. Under the current financial crisis, the level of the discount rate is a crucial parameter for economic analysis. The greater the relevant uncertainty over the projected earnings, the greater the discount rate needed. In this respect, the sensitivity analysis indicates the tremendous effects of changes in the discount rate at the 10% and 12% level; as the discount rate increases, the level of NPV decreases significantly (see Table 4 ).
Conclusions
This work has aimed to evaluate two investment options, the establishment of an organic cherry orchard and the establishment of a conventional one. Stochastic efficiency with respect to a function (SERF) analysis was applied to compare the NPV of these investments, taking under consideration the risk and uncertainty associated with them. Results indicate that organic cherry production under the current policy scheme, which does not provide organic subsidies for farmers, yields lower expected NPV and a high probability of negative NPV. This is mainly the result of the price and yield uncertainty that characterises organic production. Low prices are partially explained by the fact that the market for organic cherries is not yet well developed in Greece and therefore most organic producers are forced to sell their products as conventional products. Under the present circumstances, the organic payment scheme is necessary to motivate farmers to switch to organic cherry farming. Under the previous policy scheme, which supported organic cherry producers with a subsidy equal to 900 €/ha, organic cherry production was by far a more attractive option for cherry farmers. The expected NPV stands at a high level, while the probability of negative NPV is much lower than that of conventional cherry production.
To explore the effect of the organic subsidy level on the NPV, we also applied a sensitivity analysis to the effect of subsidy level on NPV, considering policy schemes that provide different portions of the previous subsidy level. The sensitivity analysis indicates that the existence of a subsidy amounting to less than half of the subsidy that farmers received during the previous period makes organic cherry production a more appealing option for farmers. On the other hand, a low subsidy level of 150 €/ha makes the organic option of equal preference to a farmer. Therefore, while the subsidy of 900 €/ha was overly high, the decision to abolish organic subsidies for organic cherry producers was inappropriate. Even a much lower subsidy level could make organic cherry production an appealing option for farmers. Finally, the analysis also underlines the major effects of changes in the discount rate, which reflect ongoing risk and uncertainty. Under the current conditions of financial stress, the relative returns from agricultural investments avert farmers from investing in innovative agricultural options. However, agricultural policy makers have the responsibility to provide an investment climate that is conducive to sustainable agricultural investments.
An enabling environment for reorganisation and modernisation of the agricultural sector can create new economic opportunities for development within rural areas. Therefore, diversification into higher-value crops could be a promising option for a large number of small and average-sized farms, especially during the current economic crisis, advancing the climate-smart agricultural approach [23] . However, the option to invest in organic cherries is advisable only with the existence of organic subsidies. Organic cherry farmers encounter numerous constraints that limit their economic performance. There is a definite need for policy instruments that could improve the long-term confidence of farmers. Incentives for investments in organic cherry farming may involve measures that improve yields, create favourable market conditions that will lead to higher price premiums for organic products and support research and extension in organic agriculture.
The dynamic environment of the organic agriculture industry, in which uncertainty and risk are critical parameters, requires the use of appropriate tools that can assist both farmers and policy makers in making the appropriate investment decisions. In this respect, the further expansion of the cherry sector towards organic practices can improve economic and environmental sustainability and encourage rural development.
